This paper proposes method for detection, estimation of Thevenin equivalent parameters to describe power system behavior.
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I. INTRODUCTION
W ith integration of large number of distributed generation sources (DG) into distribution network has raised concerns related to stability, power quality and reliability of the supply [1] [2] [3] . Distributed power generation sources depending upon their mode of operation affects line impedance of distributed electricity network. Performance of grid connected converter depends upon line impedance [4] . Islanding operation due to faults or grid disturbances due to voltage or frequency sag if not detected properly leads to poor power quality at point of common coupling (PCC).Online measurement due its numerous advantages is preferred to fulfill anti islanding requirement. The distortion in network caused due to electrical loads and distributed generation sources strongly depends upon grid impedance and amount of apparent power connected [5] .To optimize the operation and performance of distributed generation sources in micro grid network, time and frequency dependent grid parameter estimationl calculation is key [5] .
In literature several methods are proposed for impedance estimation. Estimation based on control loop variations which include new values of inductance and resistance in control loop to improve performance of system is proposed in [6] . Grid impedance estimation based on use of extra devices is proposed in [7] . Injection of harmonics signal into the grid and use of mathematical models to obtain new impedance parameters are 978-1-4799-6085-9/15/$31.00 ©2015 IEEE addressed in [8-IO].Grid impedance using controlled excitation based on frequency characteristics of inductance -capacitance inductance (LCL) filter resonance is reported in [3] . The various methods used to determine grid impedance characteristics omine by means of frequency response analysis is reported in [11] [12] [13] .
The methods of equivalent impedance estimation can be broadly classified as active and passive type [14] . Passive methods utilize the existing disturbance present in power networks, for example detection of low order harmonic frequency impedance. In active methods in addition to regular operation, forced disturbance is injected into the grid or distributed generation network for parameter estimation. Regression analysis is used to extract parameters from measured data to define physical characteristics of system. Thevenin equivalent estimation based on concept of regression is also reported in literature. Recursive least square estimation technique based on varying system states to determine Thevenin equivalent is proposed in [ IS] .
Detection and estimation of Thevenin equivalent impedance for different application is reported in literature. For example, power system fault detection, load matching for maximum power transfer, state of charge estimation for battery bank [16] , simultaneous estimation of Thevenin equivalent of multiple sources, for load management by load shedding in power system network based on detection of undervoltage [17] , voltage stability margin adjustment and analysis for prevention of voltage collapse by a real time voltage instability identification algorithm based on local phasor measurements [18] .
The main aim of our work is to develop the algorithm for online Thevenin equivalent parameter estimation. It is active method which is available to estimate Thevenin equivalent voltage and current. To evaluate the performance of proposed method, mathematical model, nonlinear least square fit based algorithm technique and simulation through MA TLAB/SIMULINK package are done.
Paper is organized as follows, Introduction of paper is given in section I, section II discusses in brief applications of online Thevenin equivalent estimation algorithm, section III presents parameter estimation for isolated power system, and section IV discusses the parameter estimation for grid connected system. Simulation results are discussed in section V. Section VI concludes the paper.
II. ApPLlCA TlONS OF THEVENIN EQulV ALENT ESTlMA TlON
Online Thevenin equivalent estimation algorithm finds application in adaptive control of electrical processes for performance improvement and preemptive corrective action can be taken for safe system operation. Some of the applications have been discussed in this section. i) Power system fault detection: -The Thevenin equivalent of power system will indicate the change of estimated parameters due to fault in power system. The relationships between the real fault distance and the varying Thevenin equivalent impedance is presented in paper [19] . The proposed Thevenin equivalent estimation algorithm in our work uses balanced symmetrical components for correct estimation. Balanced ground faults, balanced short circuits and balanced impedance change can be identified using the presented algorithm.
ii) Load matching for maximizing power transfer: -Maximum power is transferred to a load resistor (RL) when the value of the load resistor is selected to match the value of the Thevenin resistance (R th ) of the power source. Figure .,.,.,... .... .. ,.;; 
One example is load matching is for wireless power transfer circuitry design using inductive coils. Four coil wireless power transfer simulation diagram along with the matching network is shown in Figure 3 . Parameter values of the matching network are dependent on the Thevenin equivalent impedance of the four coil system. Matching network shown in figure 3 is one of the many possible architectures of a matching network. iii) State of charge estimation of battery or battery bank: A linear relationship is presented in [16] between the open circuit voltage (VOC) and SOC
The values of a and b are found experimentally [16] . Open circuit voltage is the Thevenin equivalent voltage of a battery under no load condition.
iv) Voltage stability margin adjustment and analysis for prevention of voltage collapse: Voltage instability is a major concern for power systems operation. A Real-Time voltage instability identification algorithm Based on Local Phasor
Measurements is proposed in [18] which recognize instabilities in voltage. The power transferred to the bus reaches its voltage stability limit when that Thevenin impedance has the same magnitude as the load impedance at the bus [18].
The apparent power supplied is S,
The condition for maximum load apparent power is dS/dY =0 , hence the critical point of voltage instability is Z th = ZL' Hence maximum loading point can be accurately monitored online by calculating dS/dY. The value of dS/dY close to zero indicates proximity to voltage collapse point [20] . The proposed algorithm assumes no simplification in system for estimating Thevenin equivalent parameters.
III. PARAMETER ESTIMATION FOR ISOLATED SYSTEM
Description of the Proposed Algorithm:
Consider a voltage source feeding a load which has an impedance of itself, line and filter impedance before it' s actually connected to the load. The Thevenin equivalent of the circuit is shown adjacent to it in the figure below. 
VThevenin sin 8 = Vpcc sin 0 + Ipcc( cos (() X XThevenin +
The algorithm will be able to estimate the Thevenin equivalent voltage and current. The point of common coupling is the point at which the load is connected. The known and unknown parameters are shown below in table I: 
Equation (6) and (7) are non-linear in nature.
[
Xl sm( x z) -bX3 -aX4 Where, Yl = Vpcc cos 0, Yz = Vpcc sin 0, a = [pcc cos cp, 
It is intended to solve these equations to obtain the values X which satisfy the system of equations described in equation 10. Initial guess values are random numbers. Equation 10 has to be minimized for optimal values of unknown parameters. Ideally p has to be zero but since the algorithm recursively optimizes the unknown parameters, there is a residual error which has to be maintained as low as possible for accurate results. Residual is defined by equation (II).
Residual = Yt ( X optimal)
(11) Nonlinear Recursive algorithm needs two Phasor measurements of voltage and current at the point of common coupling. The figure below shows the circuit diagram for two different loading scenarios. Phasor measurements are done at steady state. 
Error between actual and estimate will be minimum for
ax ax AT AX _ATy = 0 X = (AT A-1 )ATy
Vector X provides good estimate of unknown parameters.
IV. PARAMETER ESTIMATION FORGRID CONNECTED SYSTEM
Consider DG source connected to grid as shown in figure 8 . The total impedance of network includes line, filter and load impedance.
Thevenin Estimation Results:
Positive sequence voltage and current angle and magnitude are measured. It is assumed that the input voltage magnitude and angle and the Thevenin impedance as seen from the load side is constant while the algorithm is in operation. As the estimation gives an output which is within ± I % error with just one load change; and hence it does not take more than a few seconds for accurate prediction. The positive sequence extraction is done to eliminate the unbalanced components in voltage and current. The impact of negative sequence is in terms of losses or heating caused by unbalances, for this case it' s not that relevant. The results of the estimation with multiple numbers of iterations are tabulated below table. The estimated values tabulated in Table 2 shows accurate prediction with just two Phasor measurements of known parameters at point of common coupling.
Superposition theorem implementation of proposed algorithm:
The algorithm can be used for multiple sources parameter estimation simultaneously. The information needed from the system is that we should know the currents coming out of each of the sources and the common voltage vector at point of common coupling. For parameter estimation for a system with multiple sources:
• Voltage magnitude and angle at PCC is needed. Table 4 and 6. Generator Side Estimation known and unknown parameters are listed in table 3. A hypothetical scenario is simulated in which voltage levels of two sources connected in parallel are drastically different. The generator side voltage magnitude is set at 70.7 V and the grid is assumed at 49.5 V. The algorithm accurately estimates the voltage level difference. Parameter Estimated with their errors percentages for generator side parameter estimation is tabulated in Table 4 . Parameter Estimated with their errors: Simultaneous estimation of multiple sources Thevenin's equivalent will help in proper selection of virtual impedance for minimizing circulating current t10wing among power sources. Nonlinear recursive method uses exact equation, therefore computationally exhaustive, for estimation and hence the overall accuracy of estimation is higher. Furthermore nonlinear recursion estimation converges with 2 phasor measurement data but linear method takes at least 3 phasor measurements for convergence. The results generated using proposed algorithms has an upper bound of 5000 as maximum function evaluations and maximum number of iterations as 8000.
Power System Grid Impedance Change Detection
Power system undergoes various kinds of faults which lead to overall impedance change of the system. Simulations are conducted in MATLAB Simulink for isolated system to verify the capability of proposed algorithm to detect impedance change in 5 power system. Single source simulations with impedance change from 1 +0.377j to 2+0.755jat 5 second in a 9.6 second simulation is conducted. The algorithm is capable to detect the impedance change very accurately. As the source voltage and phase remains unchanged, the estimation remains fairly stable at its initial values.
------, -----,-------r --1111 11 11 11 11 11 11 1111 11 11 11 11 11 11 11 11 11 11 11 11 11 1 As the resistance and reactance values are doubled at 5sec, the estimated values changes level around 5 sec. The error % for the estimated quantities is well below 0.5% under steady state. The positive sequence voltage and current angle and magnitude are measured. It is assumed that the input voltage magnitude and angle and the Thevenin impedance as seen from the load side is constant while the algorithm is in operation. The positive sequence extraction is done to eliminate the unbalanced components in voltage and current. Proposed algorithm can be used for detection of balanced power system faults using the proposed parameter estimation algorithm using linearized and nonlinear recursive least square algorithms evaluated through simulation results shown from Figure 10 to 13.
VI. CONCLUSION
Online Thevenin equivalent parameter estimation using nonlinear and linear recursive least square algorithm are proposed and evaluated in this paper. Simultaneous parameter estimation of 'n' parallel source with known parameters at point of common coupling i.e. current and voltage phasor are evaluated and analysed. The proposed algorithms require at least two phasor measurements for accurate prediction. The robustness of the algorithms has also been tested and verified. Fault in power system leads to impedance change. The Thevenin equivalent estimation proposed in the paper can help to determine power system behavior and adopt the corrective actions to improve response of system network and stability. Simulation results validating the performance of the proposed algorithms have also been verified for power system impedance change detection. From the analysis carried out it is found that nonlinear recursion is comparatively better than linear recursion in terms of error percentage of the estimation. However linear method is computationally less exhaustive, more viable for online controller implementation.
